Abstract. Milk is the basic food stuff for the infants because they generally consume more milk on a daily basis as its minerals and proteins are essential for their growth and development, therefore, it is very important to assess the natural radioactivity levels and the associated dose in the widely consumed powered infant's milk. As a result, 14 brands of infant's powdered milk were collected from different supermarkets around Selangor, Malaysia and analysed for 226 -1 , respectively. Among the analysed milk samples, the brand from Philippines (Lactogen) showed low level of radioactivity while Singaporean brand (S26 SMA Gold) showed the highest. The estimated mean annual effective doses due to the ingestion of natural radionuclides in the sampled milk are 635 and 111 µSv for infant ≤ 1y and infant 1-2y, respectively. The obtained dose value does not yet pose any significant radiological hazards to the population under investigation comparing with the 1.0 mSvy -1 recommended by ICRP for all ages.
INTRODUCTION
The assessment of radioactivity in foodstuffs is essential for adequate monitoring of the radiation levels to which human is exposed. Due to the geological and geographical variability, differential bioaccumulation of radionuclides by organisms, contamination of food via processing and preparation techniques, and feeding habits by particular population (both man and animals), radiation dose to different populations could vary in some order of magnitudes. Irrespective of natural or anthropogenic origin, radionuclides pathway to human is majorly via ingestion of food and to a considerably lesser extent, by inhalation [1] . Naturally occurring radioelements of uranium, thorium and their progenies, and potassium are the largest contributors to internal radiation dose received by humans via ingestion of food due to their wide spread distribution in environment from the health physics point of view [2] . As an important component of food chain and a major source of nutrients in the daily human dietary, milk is consumed in a significant amount in several regions of the world particularly by infants less than one year and children, who on a daily basis ingest greater amounts of milk than adults, as its minerals and proteins are essential for their growth and development. Infant formulas are liquids or reconstituted powders fed by infants and young children. They serve as substitutes for human milk and play a significant role in the diets of infants apart from breast milk. Although, breastfeeding is the best feeding choice during infancy [3] but due to certain reasons, an increasing number of mothers are limiting breastfeeding of their infants to between 3 and 6 months of age and replacing it with industrially processed formula milk and /or vegetables [4] . As a result, certain infant populations may be more at risk when consuming contaminated milk as these may represent an important source of intake of certain contaminants including radionuclides. It has been reported that children are more susceptible to exposure [5] because of their greater intestinal absorption than adults, and a lower threshold for adverse effects [6] . These pollutants may arise from the raw materials used in production, poor quality production process, adulteration of infant foods [7] and particularly, through the cows via soil-grass-cow-milk route especially those that feed on hay and silage in higher natural radioactivity areas. Since the first year of life is a very sensitive period in the human development of the nervous, reproductive, digestive, respiratory and immune systems, the composition of baby foods and their consumption pattern are crucial [8] . In the recent past, several studies have been conducted on milk consumed in different countries of the world for adequate radiological assessment in order to forestall unnecessary exposure of the humans particularly the infant population to radiation above the limiting index [9] [10] [11] [12] [13] [14] [15] . In Malaysia, no surveys of radiation dose from natural radionuclides via the consumption of powdered milk by Malaysian infants have been carried out and no baselines of concentration of naturally occurring and anthropogenic radionuclides have been reported. Therefore, the activity concentrations of some long-lived natural radionuclides ( 226 Ra, 232 Th and 40 K) have been measured and the annual effective dose due to the intake of radionuclides is estimated for radiological risk assessment to the Malaysian infant's population. The values reported in this study constitute a baseline for natural radioactivity in the widely consumed powdered milk in Malaysia since no such study has been carried out before now.
MATERIALS AND METHODS
Fourteen (14) brands of widely consumed infant's powered milk produced in different countries and within Malaysia were collected from major supermarkets within Selangor, Malaysia (see Table 1 ). The collected samples were weighed and packed, without previous treatment (in their natural state Orin the form they are usually exported) in Marinelli beakers of different sizes (after washing and rinsing the beakers with diluted H 2 SO 4 to avoid contaminations) with masses varied between 23.5 and 160 g. A total of 28 samples were prepared from the collected brands. The samples were then stored for at least six weeks in a shielded area prior to analysis to ensure attainment of secular equilibrium between the parent nuclides and their respective short-lived progenies, which were used for activity determination. The radioactivities of the sampled milk were determined using a p-type coaxial HPGe γ-ray spectrometer. A detailed description of the measurement system and calibrations of the detector have been explained in ref. [17] . Hence, activity (Bqkg K, respectively) is considered below detection limit (BDL).Consequently, each sample was placed on the detector and counted for a period of approximately 24 hours (86,400 s) to ensure good statistics of gamma-ray peak of interests. . The background spectra for same counting period were collected every week of the counting and the background counts were subtracted from the region of interest. The activity concentration of the radionuclides, expressed in Bqkg -1, in milk samples was calculated following previous report [17] . Table 2 . In all the sampled milk brands, 226 Ra was detected with activity ranging from 1.36±0.14 Bqkg -1 (Lactogen) to 7.06±0.84 Bqkg -1 (SMA Gold) and a mean of 3.05±1.84 Bqkg -1 (all brands). The mean activity concentration of 226 Ra in the milk with respect to country of origin shows a range of values with the lowest being from Philippines (1.36±0.14 Bqkg -1 ) and the highest from Singapore (7.06±0.84 Bqkg -1 ). Since the passage of radionuclides to organisms is through food chain (Licata et al., 2004) hence, the relatively high concentration of 226 Ra obtained in the Singaporean milk as well as in Thailand, Spain and Malaysia could be attributed probably in part to the radium content of the environments involved which is being transferred to the milk through the grass-cow-milk pathway. Note that one of the sources of Singaporean milk is the soy; hence the production of soy and processing to milk may enhance the activity level. However, the variation in the radium content in the sampled powdered milk is not significant from one brand to another. The obtained mean activity of radium-226 has been compared with the literature (Table 3 ). It shows that the mean activity of 226 Ra in powdered infant's milk available to Malaysian infant's population is higher than in Slovenia [18] , Iran [19] , Poland [20] , India [10] , Saudi Arabia [12] and Jordan [14] but significantly lower than the reported data from Nigeria [11] and Saudi Arabia [13] . Th activity which supports the earlier fact that the nature of soil-plant ecosystem and particular food intake (e.g., silage, hay, etc.) by different organisms/animals (cow in this case) may influence the radioactivity level in the milk [18, 20, 21] . Apart from this, the method of food processing and preparation to some extent contributes to the radionuclide redistributions [22] ; this could be another reason for the level of radioactivity in this brand of milk under consideration. However, the present study does not investigate the method of milk processing and preparation but could be considered in the future research. With an exception to SMA Gold brand milk from Singapore, the obtained data from other brands show similarly low values of 232 Th activity which could be attributed to the poor mobility of this radionuclide within the environmental compartments and consequently, low transfer through soil-plant/grass-cow-milk pathway. On the other hand, the activity obtained was compared with the data from other countries. As shown in the Table 3 , the mean activity of all milk brands is similar to those reported from Brazil [23] but relatively higher than the data from Jordan [14] , India [10] , Saudi Arabia [12] , Israel [24] and Iran [19] and considerably lower compared to the data from Nigeria [11] and Saudi Arabia [13) . In respect to the activity of 40 K in the brands of milk under investigation, it shows a range of somewhat high values. This is expected as potassium; an essential element in the body metabolism is widely dispersed in the environment and easily transferrable via food chain. Hence, the activity ranged between 40.3±2.10 Bqkg -1 (Lactogen from Philippines) and 254±12.8 Bqkg -1 (Sustagen from Thailand) with the mean activity being 99.1±69.5 Bqkg -1 (all brands). With respect to countries, the milk sample from Singapore gives the highest mean activity followed by those from Thailand but sample from Philippines shows the least mean value (see Table 2 ). From the literature, the activity of 40 K obtained in the present study is lower compared with the data from Brazil [23] , Nigeria [11] , Hong Kong [25] , Jordan [14] and IAEA milk powder reference material [26] but higher than the data reported from India [10] , Saudi Arabia [13] and Tehran-Iran [15] and similar to ref. [12] but lie within the values reported from Syria [2] and Israel [24] .
The obtained activities of natural radionuclides in this study show that the presence of radioactivity is completely heterogeneous with respect to regions and so in foodstuffs from different origins. 
Annual Effective Dose to Different Infant Age Group via Ingestion
The annual effective dose, D (µSvy -1 ) to individual infant population due to the ingestion of radionuclides in the powdered milk is estimated using the equation in ref. [27] . The relevant statistical data such as the activity concentration of radionuclides in the studied milk (Bqkg -1 ), the annual intake of radionuclide representing the average milk consumption by the infants which depends on age group (for infants ≤ 1y is 22.4 kgy -1 and infant 1-2y is 15kgy
-1 according to ICRP reports) [28] and the dose conversion factors based on the radionuclides of interest were used in dose assessment [29] . The estimated individual annual committed effective dose due to the ingestion of 226 Ra, 232 Th and 40 K shows that 226 Ra is the major contributor to internal radiation dose received by the infant population via consumption of powdered milk (see Table 2 ) but this can be justified by the high dose conversion factor of this radionuclide compared to the others. The obtained total mean of annual effective dose based on the age group is estimated to be 635 µSv and 111 µSv for Infant ≤ 1y and infant 1-2y, respectively. The estimated dose value does not yet pose any significant radiological hazards to the population under investigation if we compared with the 1.0 mSvy -1 recommended by the ICRP for all ages. , respectively. As regard to the country of origin of each milk brand, the brand (Lactogen) from Philippines shows low levels of radioactivity while the brand from Singapore (S26 SMA Gold) depicts relatively high values. The radioactivity values obtained lie within the most values of the corresponding radionuclides as measured from different brands of milk around the world. Meanwhile, the mean annual effective dose due to the ingestion of radioactivities in powdered infant's milk was estimated and found to be well below the ICRP recommendation.
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CONCLUSION
